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Abstract 

To evaluate the involvement of frizzled receptors (Fzds) 
in oncogenesis, we investigated mRNA expression lev- 
els of several human Fzds in more than 30 differ- 
ent human tumor samples and their corresponding 
(matched) normal tissue samples, using real-time quan- 
titative PCR. We observed that the mRNA level of Fzd5 
was markedly increased in 8 of 1 1 renal carcinoma sam- 
ples whilst Fzd8 mRNA was increased in 7 of 11 renal 
carcinoma samples. Western blot analysis of crude 
membrane fractions revealed that Fzd5 protein expres- 
sion in the matched tumor/normal kidney samples corre- 
lated with the observed mRNA level. Wnt/p-catenin sig- 
naling pathway activation was confirmed by the in- 
creased expression of a set of target genes. Using a kid- 
ney tumor tissue array, Fzd5 protein expression was 
investigated in a broader panel of kidney tumor samples. 
Fzd5 membrane staining was detected in 30% of clear 
cell carcinomas, and there was a strong correlation with 
nuclear cyclin D1 staining in the samples. Our data sug- 
gested that altered expression of certain members of the 



Fzd family, and their downstream targets, could provide 
alternative mechanisms leading to activation of the Wnt 
signaling pathway in renal carcinogenesis. Fzd family 
members may have a role as a biomarker. 

Copyright© 2004 S.Karger AG, Basel 



Introduction 

The Wnt signaling pathway is evolutionary conserved 
and controls many events during embryonic develop- 
ment. Members of the Wnt gene family of secreted glyco- 
proteins are involved in embryonic induction, generation 
of cell polarity, cell proliferation and the determination of 
cell fate [1, 2]. Recently, it has become evident that the 
Wnt pathway is also deregulated in a range of tumors [3]. 

The Wnt signaling pathway is activated when Wnt pro- 
teins bind to a cell surface receptor complex consisting of 
a member of the frizzled receptor (Fzd) family and either 
low-density-lipoprotein receptor-related protein (LRP)5 
or LRP6 [4, 5]. A detailed characterization of the Fzds 
and the immediate downstream events after Wnt binding 
has been hampered by the lack of pure biologically active 
Wnts. 

Downstream of the receptor complex, three pathways 
may be initiated, depending on the composition of the 
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ligand and receptor complex. The 'Wnt/p-catenin path- 
way', the 'Wnt/Ca 2+ pathway' or the ' Wnt 'polarity path- 
way' [6]. The Wnt/Ji-catenin pathway has been linked to 
carcinogenesis. Genetic alterations in components of this 
pathway (adenomatous polyposis coli, APC, axin and P- 
catenin) can result in the accumulation of non-phosphory- 
lated P-catenin [3, 7] and this can promote carcinogenesis. 
Conversely, neither the Wnt/Ca 2+ pathway nor the Wnt 
polarity pathway involves the activation of p-catenin [for 
review, see ref. 1,6]. 

Mutations in one of the three regulatory genes (APC, 
P-catenin and axin), overexpression of Wnts and Fzds or 
the expression of a constitutively active Fzd have been 
linked to Wnt/p-catenin pathway activation in various 
tumors [8, 9]. 

To evaluate the involvement of Fzds in oncogenesis, 
we investigated mRNA expression levels of several hu- 
man Fzds (Fzd2, 3, 5, 6, 7, 8 and 9) in more than 30 differ- 
ent human tumor samples using real-time quantitative 
PCR. Each sample was compared with its corresponding 
(matched) normal tissue sample. The most striking obser- 
vation was the dramatically increased Fzd5 and Fzd8 
mRNA expression seen in the renal carcinoma samples. 
This was confirmed at the protein level using Western 
blotting. Kidney tumor tissue arrays confirmed Fzd5 
membrane staining in 30% of clear cell carcinomas, with 
nuclear cyclin Dl showing a strong correlation with the 
Fzd5 membrane labeling. Fzd8 protein expression analy- 
sis was not performed due to the lack of suitable reagents. 
These data suggest that Fzd5 may have a role in renal cell 
carcinogenesis due to its frequent overexpression ob- 
served in these tumor samples. Potential future applica- 
tions could include uses in tumor targeting or as a poten- 
tial biomarker. 



Materials and Methods 

Tissue Samples 

Frozen tumor tissue samples with corresponding normal tissue 
from the same patient were derived either from human biopsy or 
autopsy material (Department of Pathology, University of Antwerp, 
kindly provided by Prof. E. Van Marck). Tissue specimens were 
snap-frozen in liquid nitrogen and kept at -80°C until use. Frozen 
sections of kidney tumor and normal tissue samples were stained 
with hematoxylin-eosin to support the pathologist's observations and 
to confirm the type of kidney tumor. Paraffin-embedded tissue slides 
of renal carcinoma, lung carcinoma, breast and colon carcinoma 
were obtained, after encryption, from the Department of Pathology 
(Middclheim Hospital, Antwerp, Belgium). The CL1 human kidney 
cancer (SupcrBioChips Laboratories) tissue array used in this study 
contained 59 tissue samples consisting of 9 normal kidney tissues, 



30 clear cell renal carcinoma samples and another 20 renal cell tumor 
types (chromophil, chromophobe, papillary type, collecting duct car- 
cinoma and samples with mixed types). 

RNA Isolation and Reverse Transcription 

Total RNA was extracted from tissue specimens using Ultraspcc 
Reagent (Biotccx, USA) according to the manufacturer's instruc- 
tions. All total RNA was routinely treated with DNase (DNA-free kit, 
Ambion, USA). 1 ug of total RNA was used to synthesize cDNA 
using oligo-dT primers (Superscript; Invitrogcn, Merelbeke, Bel- 
gium). Reverse transcription was performed at 42 °C for 60 min, fol- 
lowed by 70°Cfor 10 min. 

Real-Time PCR 

Real-time PCR was performed on cither an ABI Prism 7700 or 
7900 Sequence detection system (Pcrkin-Elmer Applied Biosystems, 
Foster City, Calif., USA) using the 5' nuclease assay (Taqman™). 
Primer and probe sequences were designed using Primer Express (PE 
Applied Biosystems) and are shown in table 1. Quantitative values 
were obtained from the threshold cycle number (Ct) at which the 
increase in the signal associated with exponential growth of PCR 
products is detected using PE Biosystems analysis software, accord- 
ing to the manufacturer's instructions. 

We have used the 2 _A ACt method to analyze the relative changes 
in gene expression of the different genes between tumor and corre- 
sponding normal tissue samples. We used the mitochondrial ATP 
synthase 6 (ATPsy6) as the endogenous RNA control [10; Janssens et 
al., in prep.], and each sample was normalized to its ATPsy6 content. 
The relative expression of the target gene was also normalized to the. 
corresponding normal tissue sample (calibrator). Results, expressed 
as the amount of target sample relative to the ATPsy6 gene and the 
calibrator, were determined as follows, N = 2-< AClsam P le - actcaiibratoo 
where the ACt values of the sample and calibrator were determined 
by subtracting the average Ct value of the sample and the calibrator 
from the average Ct value of the ATPsy6 gene. Amplification was 
done essentially as described previously [10]. Briefly, 50 \i\ of reac- 
tion mixture containing 1 ul of cDNA template were amplified as 
follows: incubation at 50 °C for 2 min, denaturation at 95 °C for 
10 min, and 50 cycles at 95 ° C for 1 5 s and 60°C for 1 min. 

Membrane Preparation, Gel Electrophoresis and Immunoblotting 
Tissue samples were weighed, suspended at a 40 times dilution 
[= 40 volumes/original wet weight of tissue (v/w)] in 50 mM Tris- 
HC1 buffer, pH 7.4, and homogenized with an Ultra-Turrax homoge- 
nizer. After centrifugation for 10 min, 24,000 g at 4°C, the pellet was 
washed three times by resuspension in the Tris-HCl buffer followed 
by centrifugation. The final membrane pellets were stored at -80°C 
in the Tris-HCl buffer at a concentration of 0.5-1 mg/ml. The Brad- 
ford protein assay (Pierce, Aalst, Belgium) was used for protein deter- 
mination. Proteins (50 ug) were separated by 8% SDS-PAGE and 
transferred to nitrocellulose membranes. After primary and second- 
ary antibody incubation, the antigen-antibody-peroxidase complex 
was detected by chemiluminesccncc (Pierce, Aalst, Belgium) accord- 
ing to the manufacturer's instructions. 

Jmmunohistochemisiry 

Immunohistochemistry was performed on 10-uAf-thick cryosec- 
tions of unfixed tumor tissue and on 6-uJV/-thick paraffin sections 
from renal tumor tissue fixed by formalin or by an alcohol-based fixa- 
tive. Adjacent tissue blocks from renal tumors were processed with 
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Table 1. Real-time PCR primer and probe sequences 



Target cDNA 


■■ • ^ .A\>\ ■ : - : ' ■■■■■ > 
, Primer/probe sequences 3 

; - • > \v " ..'*" ' 


Fragment 
position 1 * 


Accession 

No|E : ? : ; \ 


FZD2 


(a) 5'-atcccgtgcccggc-3' 

(b) 5'-gtatttgatcatgtagaccgtgaagtc-3' 

(c) 5'-FAM-tacacgccgcgcatgtcgc-TAMRA-3' 


1,548-1,613 


ABO 17364 


FZD3 


(a) 5'-tcacgccagtgcatggg-3' 

(b) 5'-ttgtcaccttcaattttattcatcg-3' 

(c) 5'-FAM-catccccggaactctaaccatcatcctttt-TAM RA-3' 


1,473-1547 


AB039723 


FZD5 


(a) 5'-tgccaaggtcacttccgttt-3' 

(b) 5'-tctccaagtcgccgcg-3' 

(c) S'-FAM-ccttcatggtgctgttgccccc-TAM RA-3' 


2,143-2,204 


HSU43318 


FZD6 


(a) 5'-ctagcacccccaggttaagagaa-3' 

(b) 5'-cccagagagtctggagatggat-3' 

(c) 5'-FAM-tgtggtgaacctgcctcgccag-TAMRA-3' 


2,094-2,170 


AF072873 


FZD7 


(a) 5'-cctgtggaaaggcataactgtg-3' 

(b) 5'-aaccaacgggaaacctcaga-3' 

(c) 5'-FAM-aagcaacttttataggcaaagcagcgcaa-TAM RA-3' 


2,687-2,762 


AB017365 


FZD8 


(a) 5'-tgtggtcggtgctctgctt-3' 

(b) 5'-cgctccatgtcgataaggaag-3' 

(c) 5'-FAM-ccaccttcgccaccgtctcca-TAMRA-3' 


853-919 


AB043703 


FZD9 


(a) 5'-ccccgggagctacggac-3' 

(b) 5'-tagtcatgtgcaagaccacgg-3' 

(c) 5 / -FAM-tggcacgcactgccactataaggct-TAMRA-3 / 


1,696-1,763 


HSU82169 


ATPsy6 


(a) 5'-ggtgtaggtgtgccttgtggt-3' 

(b) 5'-gggcgcagtgattataggctt-3' 

(c) 5'-FAM-aagtgggctagggcatttttaatcttagagcg-TAMRA-3' 


580-503 


AF368271 


c-myc 


(a) 5'-accaccagcagcgactctga-3' 

(b) 5'-tccagcagaaggtgatccagact-3' 

(c) 5 -FAM-accttttgccaggagcctgcctct-TAM RA-3' 


1,297-1,413 


HSMYC1 


CyclinDl 


(a) 5'-gaacctggccgcaatgac-3' 

(b) 5'-cgcctctggcattttgga-3' 

(c) 5 / -FAM-ccgcacgatttcattgaacactt-TAMRA-3 / 


4,148-4,211 


AF511593 


PPAR6 


(a) 5'-agcatcctcaccggcaaa-3' 

(b) 5'-gtctcgatgtcgtggatcaca-3' 

(c) 5 -FAM-ccagccacacggcgccct-TAMRA-3' 


932-990 


NM-006238 


a (a) = Sense primer, (b) = antisense primer; (c) = probe. 

b Fragment positions are given according to the EMBL/GcnBank accession No. of cloned sequence. 
c EMBL/GenBank accession No. of cloned sequence. 



formalin and with the alcohol-based fixative. Paraffin and cryosec- 
tions were mounted on poly-L-Iysine or 3-aminopropyltriethoxysi- 
lane-gelatin-coated slides. The 59 tissue samples on the CL1 human 
renal cancer tissue array slides were all fixed with formalin and 
embedded in paraffin, and the sections were mounted on silane- 
coated slides (SuperBioChips Laboratories). In addition to renal car- 
cinoma tissue, sections from 10 formalin-fixed paraffin-embedded 
lung carcinomas were stained for Fzd5. Colon and breast tumors 



were used as positive controls for fi-catcnin and cyclin Dl immuno- 
staining. 

The following primary antibodies were used: Fzd5 (Upstate Bio- 
technology), p-catenin (Zymed), cyclin Dl (Zymed). E-cadherin 
(Novacostra) and cytokcratin 8 (Biogenex). Cryosections were fixed 
in 4% paraformaldehyde for 5 min; acetone for 5 min at -20°C and 
70% cthanol for 5 min. Endogenous peroxidase activity was 
quenched using 3% H2O2. Paraffin sections of formalin- and alcohol- 
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Table 2. Fzd mRNA expression in tumor samples 



trample" 


Tissue 


Tumor type v ; 


x-fold expression increase b 










j 
j 

! 
1 






FZD2 


FZD 3 


FZD5 


FZD6 


FZD7 


FZD8 


FZD9 


133702 


kidney 


adenocarcinoma 


0.17 


0.5 


3.72 


2.13 


0.06 


1.32 


- 


137770 


kidney 


renal cell carcinoma 


1.23 


3.56 


8.26 


2.61 


1.3 


8.21 


5.44 


138844 


kidney 


renal cell carcinoma 


0.31 


0.1 1 


6.84 


1.18 


0.23 


3.18 


2.8 


137146 


kidney 


renal cell carcinoma 


0.47 


0.45 


3.16 


2.23 


0.73 


4.42 


1.37 


137564 


kidney 


renal cell carcinoma 


3.43 


2.95 


9.6 


1.57 


7.64 


3.52 


_ 


133408 


kidney 


renal cell carcinoma 


23.97 


0.98 


6.39 


2.48 


5.05 


16.72 


- 


139188 


kidney 


renal cell carcinoma 


3.7 


0.56 


0.66 


1.33 


0.37 


4.41 


1.53 


1 35699 


kidney 


renal cell carcinoma 


2.6 


0.36 


4.83 


A o 

u.y 


U.J4 




z.JI 


I 39064 


kidney 


renal cell carcinoma 


5.16 


1 .82 


1 .25 


Z.JO 


1 S 




Z.oJ 


134585 


kidney 


renal cell carcinoma 


1.47 


0.72 


1.38 


0.47 


0.09 


0.6 




140279 


kidney 


renal cell carcinoma 


7.33 


18.17 


3.93 


6.05 


6.41 


4.65 


7.91 


137252 


ovary 


carcinosarcoma 


0.4 


3.39 


0.49 


(\ A A 

0.44 


A ft! 

0.92 


A C A 

0.54 


ACT 


138256 


ovary 


papillary carcinoma 


0.7 


5.17 


1.22 


2.19 


0.4 


0.1 1 




146472 


ovary 


serous papillary carcinoma 


0.39 


3.29 


2.56 


1.34 


3.94 


a an 
0.67 


A CA 

0.59 


145845 


colon 


adenocarcinoma 


3.45 


3.36 


0.58 


1.22 


1.67 


1.24 


1.99 


146145 


colon 


adenocarcinoma 


5.46 


6.74 


4.42 


6.57 


3.36 


o.uo 


A 1 C 
U.l J 


146630 


colon 


adenocarcinoma 


4.01 


4.73 


0.3 


1 1 c 
1.10 


0.54 


A C C 

0.55 


A 1 ") 


146633 


colon 


adenocarcinoma 


1.87 


1.07 


1.62 


1 .47 


A CI 

0.51 


1 AT 

2.07 




147055 


colon 


adenocarcinoma 


0.66 


1.41 


1. 01 


1.33 


A A 


A "7f> 

u. /y 


A 01 

4.5 / 


142253 


lung 


adenocarcinoma 


0.67 


5.17 


0.43 


1.87 


0.33 


0.59 


0.41 


143036 


lung 


adenocarcinoma 


0.67 


1 .24 


2.63 


1.13 


1.11 


1.04 


9.19 


138938 


lung 


adenocarcinoma 


0.93 


0.88 


1.07 


1.3 


1.73 


0.38 


0.76 


133563 


lung 


adenocarcinoma 


2.76 


1.23 


0.31 


1.34 


0.99 


0.78 


4.97 


144387 


lung 


adenocarcinoma 


12.85 


0.43 


0.49 


0.25 


2.73 


0.54 




137304 


lung 


acinary adenocarcinoma 


0.54 


9.15 


1.65 


1.25 


0.63 


3.41 


2.64 


144546 


lung 


epithelial carcinoma 


0.1 


0.67 


0.21 


8.1 1 


0.27 


0.97 


1.32 


137621 


lung 


epithelial carcinoma 


1.52 


2.19 


0.37 


2.26 


0.52 


0.45 


1 A£ 

1.06 


145552 


lung 


epithelial carcinoma 


1.09 




0.16 


0.91 


1 .47 


0.13 


A C 

0.5 


1 41087 


testis 


embryonal carcinoma 


0.24 


0.6 


19.43 


i 'X'x 
i .j j 






0 W 

U.JJ 


137332 


stomach 


leiomyoma 


19.32 


3.91 


0.45 


1.53 


18.98 


32.82 


16.7 


139026 


stroma 


gastrointestinal carcinoma 


66.1 


3.51 


0.03 


6.67 


8.44 


2.28 


20.82 


136049 


rectum 


adenocarcinoma 


1.71 


0.52 


0.4 


0.54 


0.29 


0.88 


0.28 


140794 


gall bladder 


adenosquamous carcinoma 


0.19 




0.93 


3.02 


0.2 







a Sample identification numbers were given by the pathologist. 

b Results are expressed as x-fold increase of the gene in the tumor tissue sample compared to its matched normal tissue sample after 
normalizing both samples on the basis of their ATPsy6 content. A cutoff of 3-fold was used to define differential expression. Significant 
(> 3-fold) increases in the expression level of the Fzd receptor are shown in italics. - = Expression of the target gene undetectable in one or both 
samples (tumor and/or normal). 



fixed tissue were processed with a trypsin-citrate-microwave prc- 
treatment or with an EDTA-microwave pretreatment to unmask epi- 
topes, respectively. Sections were then sequentially processed with 
primary antibodies, biotinylated secondary antibodies and streptav- 
idin-biotin-peroxidasc (Fzd 5, E-cadherin and cytokeratin 8). For P- 
catenin, polyclonal rabbit antibody with the En Vision detection sys- 
tem (DAKO) was used. The slides were further developed using 3- 
amino-9-ethylcarbazole, counterstained with hemalaun and mount- 



ed with glycerin gelatin. Stained sections were observed with an 
Axioplan 2 microscope equipped with an Axiocam digital camera. 
Staining intensity for p-catenin was scored as no staining (value 0), 
weak and fragmentary staining of cell membranes (value 1), moder- 
ate membrane staining of less than 50% of the tumor cells (value 2), 
moderate membrane staining of more than 50% of tumor cells (value 
3) and strong membrane staining of more than 75% of tumor cells 
(value 4). The cyclin Dl staining was quantified as a percentage of 
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133702 137770 138844 137146 137564 133408 




Fig. 1. Fzd5 protein expression in matched 
tumor/normal kidney samples. T = Tumor 
sample; N = matched normal sample. Sam- 
ple identification numbers are given by the 
pathologist. 



139188 



135699 
T N 



139064 134585 
T N T N 



140279 
T N 




Fzd5 



- Acttn 



cyclin Dl-immunoreactive nuclei in tumor cells in three fields (area: 
1 8,64 1 urn 2 ) of each tumor sample. The total number of tumor nuclei 
ranged from 51 to 164. The correlation between Fzd5 and (5-catenin 
staining, and between Fzd5 and cyclin Dl staining was evaluated by 
the Mann-Whitney U test. 



Results 

Fzd mRNA Expression in Matched Human 

Tumor/Normal Tissue Samples 

Fzd expression in tumor tissue was compared with Fzd 
expression in matched normal tissue samples and normal- 
ized to the expression of the housekeeping gene mitochon- 
drial ATPsy6 (table 2). A 3-fold increase was considered 
significant. 

In the kidney tumor samples, in which 10 of 1 1 sam- 
ples were clear cell carcinomas, Fzd5 was upregulated in 8 
of the 1 1 samples. A similar observation was made for 
Fzd8 and Fzd2, which were upregulated in 7 and 5 renal 
tumor samples, respectively. None of the other Fzds 
showed consistent upregulation. 

Both Fzd2 and Fzd3 were upregulated in 3 of 5 colon 
adenocarcinoma samples. No other Fzd expression was 
significantly different compared to the normal colon tis- 
sue sample. Fzd3 showed an increased expression in all 3 
ovarian carcinoma samples. Fzd expression was not al- 
tered in any of the lung tumor samples. The Fzd expres- 



sion level was observed to be relatively low in these lung 
tissues compared to the other tissues investigated. 

Western Blot and Immunohistochemistry Analysis on 
Renal Carcinomas 

Western blotting was used to evaluate Fzd5 protein 
expression in the renal tissue samples used for mRNA 
expression analysis. Membrane fractions of the renal car- 
cinoma and corresponding normal tissue samples were 
prepared. As previously shown (table 2), Fzd5 mRNA 
upregulation was detected in 8 of the 1 1 matched tumor/ 
normal samples. Increased expression of Fzd5 protein 
was seen in membrane fractions from 9 of 1 1 samples 
(fig. 1). In most cases, concomitant increases in Fzd5 
mRNA and protein levels were observed. 

Hematoxylin-eosin staining of the cryosectioned tu- 
mors confirmed the presence of clear cell carcinoma. 
Fzd 5 immunostaining in clear cell carcinoma (fig. 2a, b) 
was observed to be localized to cell membranes and to 
nuclei. Cytokeratin 8 (fig. 2c) and E-cadherin (fig. 2d) 
were also detected. E-cadherin labeling of cell membranes 
in clear cell carcinoma was less intense and patchy com- 
pared to epithelial cells of normal renal tissue. P-Catenin 
staining was confined to the cell membrane. |}-Catenin 
levels in the clear cell carcinoma membranes were highly 
variable. Nuclear P-catenin staining was not observed in 
any of the samples. Epithelial cells in normal renal tissue 
showed intense membrane staining and some cytoplasmic 
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staining. In addition, weak P-catenin staining of endothe- 
lial cells was observed. A high number of cyclin Dl- 
immunoreactive nuclei was observed in clear cell carcino- 
ma (fig. 2f). 

On the CL1 human kidney cancer tissue array, 30% 
(n = 9) of the clear cell carcinoma tumor samples (n = 30) 
showed Fzd5 immunoreactivity (fig. 3a). Membrane-as- 
sociated P-catenin staining was observed in 33% of the 
Fzd5-positive tumor samples and 57% of Fzd5-negative 
clear renal cell carcinoma samples (table 3; fig. 3c, d). 
Again, nuclear p-catenin staining was never observed. 
Statistical analysis did not reveal a difference in the 
expression of P-catenin between Fzd5-positive and Fzd5- 
negative tumor samples (fig. 4a). 

Nuclear cyclin Dl was observed in 89% of the Fzd5- 
positive clear cell carcinoma samples (table 3; fig. 3e). 
Only 38% of the Fzd5-negative clear cell carcinoma sam- 
ples contained nuclear cyclin Dl. Statistical analysis 
showed a significantly higher cyclin Dl expression in 
Fzd5-positive compared to Fzd5-negative tumor samples 
(fig. 4b). 

c-myc, Cyclin Dl and Peroxisome 
Proliferator-Activated Receptor S Expression in Renal 
Carcinomas 

Wnt/p-catenin pathway activation in the kidney tissue 
samples was investigated looking at the expression of a 
number of target genes, which have previously been 
shown to be upregulated when the pathway is active. 
Gene expression of c-myc, cyclin Dl and peroxisome 
proliferator-activated receptor 5 (PPAR5) was analyzed. 
Increased expression of both c-myc and cyclin Dl genes 
have been implicated in cell proliferation, and carcino- 
genesis, and they represent two of the more important and 
closely studied target genes of the Wnt signaling pathway. 



Fig. 2. Distribution of Fzd5 (a, b), cytokeratin 8 (c), E-cadherin (d) 
and p-catenin (e) immunoreactivity in paraffin sections from a renal 
tumor processed by an alcohol fixative. From the same tumor, a for- 
malin-fixed block was used for cyclin Dl immunostaining (f). Fzd5 
immunostaining shows distinct immunoreactivity in cell membranes 
and in nuclei of clear cell renal carcinoma. Clear cells are immunore- 
active for cytokeratin 8. P-Catenin and E-cadherin staining of mem- 
branes is rather weak, and not uniform, in clear cell renal carcinoma. 
Nuclear p-catenin immunoreactivity was not observed. In clear cell 
renal carcinoma, many nuclei showed cyclin Dl immunoreactivity. 
The inset in f shows a detailed view of the cyclin D I labeling of nuclei 
in clear cell renal carcinoma. 



Expression of PPAR8 was investigated because it repre- 
sents a direct target of the P-catenin pathway with T cell 
factor binding sites in its promoter. Expression of c-myc 
was found to be upregulated in 7 of 1 1, whilst cyclin Dl 
was upregulated in 10 of 1 1 kidney tumor samples (ta- 
ble 4). PPAR5 was upregulated in 9 cases. All three select- 
ed target genes showed a marked upregulation in the 
majority of renal tumors, which suggested that the Wnt/ 
P-catenin pathway was activated in these samples. 

Discussion 

Fzd family member overexpression has been postu- 
lated to play key roles in different tumor types such as 
esophageal carcinoma [11], gastric cancer [12] and head 
and neck squamous cell carcinoma [13]. The current 
study evaluated the potential implication of Fzds as 
tumor-associated antigens in different tumor types. We 
screened a number of matched normal/tumor tissue sam- 
ples for the expression of a variety of Fzds using real-time 
quantitative PCR. 

Results obtained revealed that both Fzd5 and Fzd8 
mRNA were overexpressed in the majority of renal carci- 
noma samples when compared to the matched normal 
kidney samples. Fzd2 and Fzd3 were upregulated in 3 of 5 
colon adenocarcinoma samples. Fzd3 was also upregu- 
lated in the ovarian tumor tissue samples compared to the 
matched normal tissue samples. None of the other Fzds 
evaluated showed a specific differential expression pat- 
tern in any of the samples studied. Fzd5 and Fzd8 show 
69. 1 % similarity and belong to the same subgroup of Fzds 
[14]. The significantly higher expression of Fzd5 and 
Fzd8 in the renal tumor samples, as compared to the nor- 
mal renal samples, suggests a higher probability that this 
subgroup may be implicated in the progression of renal 
cancer. Therefore, we decided to further examine the pos- 
sible role of Fzd5 in renal carcinoma. 

We observed, using Western blotting, that protein lev- 
els were mostly consistent with mRNA levels in the tumor 
samples. In order to be able to determine the Fzd5 expres- 
sion in a broader range of kidney tissues, we utilized a 
tissue array. Fzd5 membrane staining was detected in 9 of 
30 (30%) clear cell carcinomas, and importantly, mem- 
brane staining was not detected in the matched 9 normal 
kidney tissue samples. 

Since the Wnt signaling pathway appears to play an 
important role in embryonic development, in particular 
embryonic kidney induction [15, 16], activation of this 
pathway in the adult kidney due to mutation or overex- 



Frizzlcd Receptors in Renal Cell Carcinoma 



Tumor Biol 2004;25:161-171 



167 



FRIZZLED 5 




168 



Tumor Biol 2004;25:161-171 



Jansscns/Andrics/Janicot/Percra/Bakker 



Table 3. Correlation between Fzd5 and 
p-catenin or cyclin Dl expression 





Fzd5, % 


t 




+ 





P-Catenin + 


33 


57 


P-Catenin - 


67 


43 


CyclinDl + 


89 


38 


CyclinDl - 


11 


62 



pression of one of the components of the pathway could 
be a determining factor in the development of renal can- 
cers. Therefore, several studies have looked into the possi- 
ble function the Wnt/p-catenin pathway plays in renal 
carcinogenesis. APC gene mutations have been demon- 
strated not to be involved in renal carcinoma [17, 18]. In 
addition, P-catenin mutations are rare events in renal car- 
cinoma [19, 20]. Nevertheless, cytoplasmic accumulation 
of P-catenin has been reported in a number of renal cell 
carcinomas [19], and thus the Wnt signaling pathway 



Table 4. Wnt/p-catenin target gene mRNA expression in tumor samples 



Sample 3 Tissue 



Tumor type 



x-fold expression increase 5 



c-myc 



cyclin Dl PPAR5; 



133702 


kidney 


adenocarcinoma 


0.54 


4.52 


0.52 


137770 


kidney 


renal cell carcinoma 


13.9 


28.91 


5.53 


138844 


kidney 


renal cell carcinoma 


2.39 


31.49 


7.48 


137146 


kidney 


renal cell carcinoma 


7.62 


15.38 


3.15 


137564 


kidney 


renal cell carcinoma 


33.82 


19.65 


8.65 


133408 


kidney 


renal cell carcinoma 


7.8 


8.92 


4.86 


139188 


kidney 


renal cell carcinoma 


2.22 


9.92 


11.67 


135699 


kidney 


renal cell carcinoma 


12.18 


22.73 


5.53 


139064 


kidney 


renal cell carcinoma 


22.11 


5.04 


633 


134585 


kidney 


renal cell carcinoma 


1.79 


1.14 


1.67 


140279 


kidney 


renal cell carcinoma 


61.68 


54.95 


14.62 



a Sample identification numbers were given by the pathologist. 

b Results are expressed as x-fold increase of the gene in the tumor tissue sample compared 
to its matched normal tissue sample after normalizing both samples on the basis of their 
ATPsy6 content. A cutoff of 3-fold was used to define differential expression. Significant 
(> 3-fold) increases in the expression level of the Fzd receptors are in italics. 
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Fig. 3. Fzd5, p-catenin and cyclin Dl immunostaining of the CL1 renal carcinoma tissue 
arrays. The left column of images represents serial sections from tumor sample 15. Insets 
show an overview of each tumor section on the serial tissue arrays. The Fzd5-immunoreac- 
tive clear cell renal carcinoma (a) of this tumor sample does not express p-catenin (c). Immu- 
nostaining for cyclin Dl (e) detects distinct labeling of nuclei in clear cell renal carcinoma. 
The right column of images is taken from serial sections of tumor sample 45. Clear cell renal 
carcinoma from this tumor sample does not express Fzd 5 (b) and cyclin Dl (f) but does show 
distinct membrane p-catenin staining (d). 



Fig. 4. Box plot charts (thick black line = 
median) illustrating the relationship be- 
tween Fzd 5 immunostaining and P-catenin 
(a) and cyclin Dl (b) expression in clear cell 
renal carcinoma. No significant correlation 
was observed between the P-catenin scores of 
Fzd5-positive and -negative clear cell renal 
carcinoma. Nuclear cyclin Dl staining in 
clear cell renal carcinoma showed a signifi- 
cant difference between Fzd5-positive and 
Fzd5-ncgativc tumor samples. 
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might act as an inducer of tumorigenesis in the kidney. 
This view is supported by the observation that aberrant 
activity of the Wnt signaling pathway has been reported in 
renal-cancer-derived cell lines. Zang et al. [21] observed a 
higher expression level of Wnt5a and Fzd5 mRNA in the 
renal cancer cell line GRC-1 than in the normal renal cell 
line HK-2. Expression of P-catenin was also higher in 
GRC-1 than in HK-2. 

To determine the status of the canonical Wnt signaling 
pathway in our renal carcinoma samples, we have quanti- 
tated the mRNA levels of three important target genes of 
T cell factor/lymphoid enhancer factor activation by 
P-catenin. The mRNA levels of these three target genes 
(c-myc, cyclin Dl and PPAR 5) correlated largely with the 
expression of Fzd5 in these samples, suggesting that the 
canonical pathway is activated. On the kidney tissue 
array, cyclin Dl protein expression showed a highly sig- 
nificant correlation with the Fzd5 expression in the tumor 
samples (table 3). Cyclin Dl protein is frequently overex- 
pressed in various tumors, but in only a proportion of the 
cases is it due to amplification of the cyclin Dl gene [22]. 
Therefore, other mechanisms such as upregulation of gene 
transcription may play a substantial role in the overex- 
pression of cyclin Dl [23-26]. Our data, showing in- 
creased cyclin Dl expression in renal carcinoma samples, 
are consistent with the results of Stassar et al. [27]. They 
studied genes that are associated with human renal carci- 
noma by suppression subtractive hybridization and re- 
ported 14 differentially expressed genes, including cyclin 
Dl. Although we would have expected an increased nu- 
clear P-catenin staining, nuclear accumulation of P-cate- 



nin was not observed in any of the tumors or on the tissue 
array. This result is consistent with the data presented for 
renal cell carcinomas by Kim et al. [19]. They did not 
detect nuclear p-catenin staining in the 52 renal cell carci- 
nomas examined. The lack of nuclear p-catenin staining 
has also been reported by others in tumors that might 
have arisen from Wnt/p-catenin pathway activation [28- 
31]. 

While expression of both Wnt5a and Fzd5 does induce 
duplication of the Xenopus head, exogenous expression of 
Fzd5 in a Xenopus model does not induce duplication of 
the head [32]. Fzd5 does not activate the P-catenin signal- 
ing pathway on its own, as the presence of its endogenous 
ligand is also required. Our results suggest that Fzd5 may 
have a role in renal cell carcinogenesis due to its frequent 
overexpression observed in these tumor samples, and we 
hypothesize that if Fzd5 is overexpressed, it has a rather 
limited effect on P-catenin signaling. However, in the 
presence of its endogenous still unknown ligand, it acti- 
vates the canonical Wnt signaling pathway. The elucida- 
tion of this ligand and its binding characteristics is still 
under investigation. Ultimately, knowledge of the specific 
expression patterns of both Wnt and Fzd members could 
lead to directed tumor targeting or could be used as a 
tumor marker. 
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